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Introduction
Over the past two decades there has been increased awareness of the importance of groundwater in headwater environments and its contribution to stream flow (Neal et al., 1997; Soulsby et al., 1998; Haria and Shand, 2002; Uhlenbrook et al., 2004; Katsuyama et al., 2008) . Despite the critical nature of this resource in maintaining downstream water supplies and ecosystem services, it is still poorly characterised (Winter et al., 2007) . Advancing catchment hydrology research has been inhibited by poor integration of surface water hydrology and groundwater hydrology (Younger, 2009 ).
Fortunately, this situation is rapidly improving and cross fertilization of methods is facilitating new insights (Miller et al., 2008; Gabrielli et al., 2010) . A recent motivating theme has been to more quantitatively understand catchment-scale water storage and its relationship with stream discharge (McNamara et al., 2010; Birkel et al., 2011) . There has also been increased awareness of interlinkages between dynamic storage changes, which result from changing water balance components, and total storage, which governs solute mixing and transport Birkel et al., 2014) . Indeed, reconciling the difference between the timing of the celerity of hydrological response and the travel time of water molecules in different water stores has been identified as a key challenge in developing appropriate modelling strategies for groundwater -surface water interactions (Kirchner, 2004, McDonnell and Beven, 2014) .
Despite this, groundwater storage remains poorly understood in most upland experimental catchments. Installation of boreholes is usually spatially limited due to costs and logistics, so extrapolation is difficult (Haria and Shand, 2002) . Techniques which provide spatially integrated insights include the examination of spatial and temporal patterns of tracers in stream water and springs. Variations in natural isotopes or geochemicals can be used to identify the provenance and age of water sources and dynamics of their fluxes (e.g. Haria et al., 2012) . Such approaches have been used in the Bruntland Burn; a sub-basin of the Girnock experimental catchment in the Scottish Highlands (Blumstock et al., 2015) . In particular, estimates of storage in the Bruntland catchment have been derived from the input-output dynamics of stable isotopes. These estimates have been derived from transit time analysis including using simple mean transit time (MTT) approximations to infer storage from the product of the MTT and water flux on weekly (Soulsby et al., 2009) or daily (Tetzlaff et al., 2014) and yielded values of ~1300 and ~1700mm, respectively. Alternatively, the use of a single passive storage term in coupled flow-tracer hydrological models (Birkel et al., 2011b) inferred up to 900mm of storage. Most recently the integration of dynamic and passive storage in a more distributed conceptual model indicated overall variation between 2060 and 2400mm, depending upon catchment wetness. The dynamic storage is that explained by water balance changes and is typically <100mm, the passive storage is the additional storage that needs to be inferred to explain tracer damping and is an order of magnitude larger. These contrasting estimates give storages of values equivalent to 1 -2.5 times annual precipitation, which begs the question where this storage is located in a catchment with thin soils and solid geology of low permeability (Tetzlaff et al., 2014) . It has been hypothesised that glacial drift deposits form the most likely source of groundwater contributing to stream flow , but this is very difficult to verify in the absence of more detailed information on catchment groundwater storage.
The last decade has seen increased application of near-surface geophysical techniques in catchment studies (Parsekian et al., 2015) . Electrical resistivity tomography (ERT), ground-penetrating radar (GPR), and shallow seismic surveys have all been applied. This has helped to establish critical boundaries (e.g. soil and bedrock depths) and to provide insight into the architecture of the subsurface as well as implications for water storage has been a significant advance (Ferre et al., 2009; Binley et al., 2015 Empirical and modelling studies have used hydrometric and tracer data to infer significant (>1000mm) groundwater stores in drift (e.g. Soulsby et al., 2007; Birkel et al., 2010; Tetzlaff et al., 2014) . However, the distribution, thickness and properties of these drifts were unknown. Our objective here is to use spatially distributed ERT surveys to characterise these features and extrapolate the results to the catchment scale using geostatistical techniques to make a tentative approximation of catchment-scale water storage that can be compared with estimates derived from those independently derived from the input -output dynamics of stable isotopes.
Study site
The Bruntland Burn (BB) is a tributary of the Girnock experimental catchment in the Cairngorm
Mountains of Scotland (Fig. 1a) . The site is a headwater of the River Dee, one of the UK's most important rivers which sustains an economically important Atlantic salmon fishery, has EU 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   5 conservation designations and provides drinking water for 250,000 people living in the city of Aberdeen. The BB elevation ranges between 220 and 560m and strongly reflects a glacial legacy with a valley that has been over widened and over deepened by glacial erosion (Fig, 1b) . The geology is mainly granite and associated metamorphic rocks; these have poor aquifer properties and limited groundwater storage (Fig. 1c) . Around 60% of the catchment is covered by various glacial drift deposits . The steeper hillslopes are mantled by lateral moraines and ice marginal deposits. These are generally freely draining and shallow podzolic soils (<0.7m deep) (Fig   1d) . In the flat, wide valley bottom, extensive peat deposits have formed, with peat or peaty gley soils covering about 30% of the catchment . Some slightly (<10m) elevated areas in the valley bottom reflect hummocky moraines. The peats range between 0.5 to 4m deep. Beneath the peat is a shallow (0.2m) silty weathered layer which overlies thicker, coarser minerogenic drifts.
The drifts are exposed locally in quarries and reveal undifferentiated material which has a high content of boulder-cobble sized clasts within a sandy-silt matrix. Given the granitic bedrock, cold temperatures and relatively young age of the soils, the clay content of the drift is low. Above 400m, thin regosols dominate, usually overlying the bedrock.
Precipitation averages ~1000mm per year and is generally evenly distributed, both seasonally and spatially. Shallow groundwater wells (1-2m deep and screened in the lower 0.2m) reveal that the water table is within 0.2m of the soil surface in the peats and peaty gley soils (Table 1 ). In contrast, on the steeper hillslopes the water table varies between about 1.5m deep in prolonged dry periods and 0.2m in the wetter periods (Tetzlaff et al. 2014) . Water tables are very transient in the shallow regosols and underlying bedrock which have limited storage. Fuller details of the groundwater dynamics are given by Blumstock et al., (2016) . Stream flow generation in the catchment has been extensively investigated (Tetzlaff et al., , 2014 Birkel et al., 2011 Birkel et al., , 2014 Soulsby et al., 2015) .
The stream has a flashy hydrological regime, with surface runoff generation from the saturated peat (Figure 2 ). However, baseflows are also persistent and geochemically based hydrograph separation has indicated that around 30% of annual stream flow comes from deeper groundwater assumed to be in the drift (Birkel et al., 2011) .
Previous isotope studies have revealed very marked damping of precipitation signals in the stream isotope response, though seasonal shifts between more and less depleted runoff in winter and summer, respectively, reflect precipitation inputs with the greater winter recharge reflected in more negative isotopes in stream flow ( Figure 2 ). Precipitation was sampled at the weather station and stream water at the autosampler at the catchment outfall ( Fig. 1 ). As noted in the introduction, various analyses of these isotope data imply large volumes of water storage (ca. 900-2500mm) need to be invoked to explain the mixing and damping of precipitation inputs (Birkel et al., 2011b (Birkel et al., , 2014 .
In part, this storage (ca. 300mm) can be explained by mixing in soil waters as much of the damping occurs in the upper soil profiles (Table 2) . However, additional mixing in groundwater and the poor aquifer properties of the solid geology points to the likely importance of the drift as the major active groundwater store.
Methods

Transect locations
We strategically sited four transects for the ERT survey, positioned to gain coverage of the main heterogeneities in the valley bottom and build on existing hydrological infrastructure. Transect 1 (T1 -460m) was approximately aligned north-south along an intensively monitored hillslope that covers the main landscape units and has been described by Tetzlaff et al. (2014) . was slightly west of Transect 1 along a line that was characterised by a lower coverage of saturated soils as it mainly crossed hummocky moraines. Transect 3 (T3 = 360m) was aligned roughly south west -north east at the head of the valley, directly upslope from the confluence of 3 headwater tributaries of the BB. Transect 4 (T4 -400m) was also aligned to a similar orientation over an area of peat bog that forms part of the most northerly headwater of the BB. The surveys were undertaken over a week-long period in August 2013; this was in the middle of a warm dry summer, so the catchment was relatively dry; and the water table was close to the minimum levels shown in Table 1 .
Electrical resistivity measurements and data processing
Electrical resistivity measurements are made using four electrodes inserted into the ground. Current is driven through two of the electrodes (the source) and potential difference is measured between the other two electrodes using a resistivity meter (Ward, 1990) . In ERT surveys, this measurement is repeated many times with differing separation between the electrodes. When the electrodes are further apart, a higher proportion of the current flows deeper in the earth and consequently, the measurement is sensitive to deeper structures. In ERT imaging, we use tomographic inversion techniques, similar to those used in medical imaging, to estimate the earth structure beneath the survey. The input data are either the resistance (ratio of potential to current) or apparent resistivity which is the equivalent homogeneous earth model which would produce the potential observed for a particular electrode combination. The output of the inversion is an estimate of the earth's resistivity structure as a function of space.
We acquired electrical resistivity measurements along each transect using an IRIS Instruments SysCal Pro, 72 electrode system with 5 m electrode spacing and rolled the electrode array in overlapping segments to compile the long profiles. We collected data in both dipole-dipole and Wenner electrode geometries (Zonge et al., 2005) , then combined measurements into a single inversion. For the dipole-dipole measurements, we acquired six depth levels with a minimum dipole-dipole centre use more than 96% of the data. We rejected data if the deviation exceeded 3%, if there was a negative resisitivity, or if the injection current was less than 0.5 mA. These were the primary sources of error and were identified as default parameters in the IRIS syscal autofiltering routine.
We inverted the electrical resistivity data using the commercial software package Res2Dinv.
Topography (from LiDAR) was incorporated using a distorted finite-element grid, and the inversion was calculated using the standard least-squares constraints. We took the depth to the bedrock interface to be the 2000 Ω m contour in the ERT result. While this resistivity is substantially lower than the resistivity of unweathered granite, it is substantially higher than the resistivity of water saturated unconsolidated sediments and formed the mid-point of transition between the two to an error of around +10%. With regularization during the inversion, the ERT image was smoothed laterally and vertically and obtaining a precise estimate of depth-to-bedrock was not possible.
However, the 2000Ωm contour was roughly centered on the vertically smeared sediment/bedrock transition and provides a reasonable estimate of depth-to-bedrock.
Storage estimates
To estimate liquid water content, we utilized Archie's Law and assumed that the clay content was negligible. This is a reasonable assumption based on prior soil characterization at the site and the size distribution of the sediments (Moir et al., 2002; . Further, we assumed that the profiles were fully water saturated. With these assumptions, we rearrange Archie's Law to give the following equation for volumetric water fraction (θ w ): 
where ρ w is the resistivity of the pore water, ρ is the bulk measured resistivity, and m is the Archie's Law exponent known as the cementation factor (Knight et al., 2005) . Both ρ w and m are unknowns.
We estimated the likely range of values for ρ w from surface water measurements. During low flow conditions, the stream is primarily derived from deeper groundwater in the drift .
Typical surface water conductivity (σ w ) during these low flow conditions is 125 μS cm -1 which was used as a first approximation of groundwater conductivity. We take the inverse of this to approximate ρ w = 80 Ω•m in Eqn 1. Previous studies suggest that in unconsolidated sediments, a reasonable range for the cementation factor, m, is 1. 3 -2.0 (Knight, 2005) . To estimate uncertainty in water content, we used the lowest cementation factor value to calculate the minimum likely θ w , and the highest value to calculate the maximum likely θ w . We used the central value of m=1.65 to determine our best estimate of θ w .
To calculate soil and groundwater storage, we vertically integrated the estimated θ w from the approximate bedrock interface to the surface along the transect. We repeated this calculation three times with the minimum, best estimate, and maximum values of θ w . There are four important caveats to our approach. First, we are assuming full water saturation from bedrock to surface. This assumption is not strictly correct, however, depth to the water table is shallow, variable and unknown along each transect (e.g. Table 1 ). Assuming full saturation results in a small overestimate of water content, but since the vadose zone is very thin (generally <1-2 m) this error will not contribute significant error. The second caveat is the use of Archie's Law to calculate water content in the peat which is up to 4 m thick along T1 and T4. Comas and Slater (2004) found that organic soils do not strictly follow the Archie's Law dependency. Additionally, the conductivity of water in peaty soils tends to be lower than that in the deeper groundwater. However, our approach found water content in the peat >0.6 which compares well with measured values . Given that the peats only comprise 10-15% of the sediment column in the base of the valley where they are found, these uncertainties probably have a small effect on any errors in the bulk storage calculation.
Thirdly, we assumed that there is no clay in the system. If there were clay, the decreased bulk resistivity in the system due to conduction along the grain surfaces would result in an overestimate of volumetric water content using (1). However, the generally high measured resistivities, and coincidence of low resitivties with areas of peat also suggest that clay content is low corroborating the field evidence cited above. Finally, Archie's Law has not been calibrated to boulder-rich deposits.
Although in the catchment some boulder moraine deposits are present mainly as lateral moraines, these appear to be mainly surficial. Exposures of deeper deposits in sand quarries indicates that the drift is mostly coarse sand-silty material with some pebble-cobble sized clasts. Thus the boulders are a likely small percentage of the drift composition and the errors will be relatively low.
From the point storage estimates along each transect, we extrapolated a first approximation of catchment-scale storage using a regression-kriging based approach (Odeh et al., 1995) . It was recognised with only four transects that this approach would not fully capture the heterogeneity at the catchment scale, but could provide a useful first step. This method requires the use of a predictive model to estimate storage and the combination with the kriged residuals of these estimates. In this study we have applied the Cubist model which is a form of a rule based regression as outlined by (Quinlan, 1992) to estimate the storage. The storage estimates derived from the ERT surveys were averaged to create a ten metre grid along each transect. To fit the Cubist model many covariates were considered, but due to the limited spatial coverage of the transects, only the digital elevation model and the height from the stream was included. As the observations were focused in the lower part of the catchment, the model was only used to estimate storage in this area, according (Böhner and Selige, 2006 ). The Cubist model was trained using 75% of the transect observations using 10 fold cross validation using the caret package (Kuhn, 2008) within the R programming environment (R Core Team, 2012) . The residuals of the Cubist model within the training set with the lowest RMSE were used to fit an exponential variogram. The regression-kriged storage estimates were evaluated using the remaining 25% of the points and showed a strong correlation (r 2 = 0.95). For extrapolation to the upper hillslpopes, the area upslope of the transects was estimated using a decaying value from the estimates available in the valley bottom to storage of 10 mm on the catchment interfluves. This is reasonable given the low storage in the exposed rocks and regosols on the interfluves (Fig 1a) .
Results
Resistivity and water content profiles
The ERT surveys revealed some broad similarities between the four transects ( Figure Below these intermediate layers is a very high resistivity layer which we interpret as the unaltered bed rock, which ranges from ca. 5m deep on the upper slopes, to >40m deep in the valley bottoms.
The upper few metres of the valley bottoms had low resistivities (<185 Ω•m, θ w >60%) that correlate with the water-filled peat. Below, the valley bottoms had several tens of metres of saturated drift. In more detail, T1 has shallow groundwater: Table 1 shows the water table variation in T2 was almost parallel to T1, though sited to cross a drier part of the valley. Table 1 shows water   table variations at sites on or close to the transect (see Figure 1) . At a depth of ~30 m, the southern end of T2 has deeper bedrock than T1. The bedrock depth is roughly constant across the central valley, until it begins to shallow after around 350m (Fig. 3) . Again, there are suggestions of steps in the bedrock depth at around 350m and 450m. At 300m the bedrock is around 30m deep, but this decreases to the north and is around 15m below the lower scree slope at the end of T2 (Fig 1) .
Shallow zones of low resistivity are in the upper 1-2m of the profile; these occur between 80 -150m where wetter peaty gley soils occur (Fig. 4) , then again at 230-290m where peat fringes the stream and at 360-450m where there is a patch of more peaty soils. Higher resitivities in the near surface implies drier/lower porosity material at 0-75 m and 290-360m which correspond to slightly elevated hummocky moraine material. Beyond 450m, the lower slope has higher resistivity consistent with the free-draining nature of the bouldery screes. However, below this, more moderate resistivities infer saturated deposits of lower porosity, which are fairly contiguous across the valley bottom in the lower 20m or so of the drift.
T3 is aligned west-east; in the west the bedrock is inferred at ~20m deep (Fig. 3) . This increases to around 40m deep at 150m, thereafter the inferred bedrock surface has a reduced gradient with the drift remaining around 40m thick. It should be noted that 40 m depth is just at the limit of depth resolution for the ERT array we used so the uncertainty in the depth estimate is greatest here, with the potential that the rock boundary could be even deeper. However, the clear increase in resistivity indicates that bedrock cannot be much deeper than the interpreted value. Between 50-170m, the surface of the hillslope has a very high resistivity, low water content (Fig. 4) zone, around 5-10m
thick, that coincides with extensive superficial drifts comprising bouldery lateral moraine deposits. A low resistivity layer is evident in the hillslope between 0 and 170m, implying a 10-20m thick zone of high water content "sandwiched" between the bedrock and boulder moraines (Fig. 4) . The western end of T3 began in a wetland area, characterised by surface saturation. Wetlands are also evident between around 170 m and 190 m and after 250m with very low resistivities in the upper 2m, consistent with the peat soils and similar to the lower part of T1. However, resistivities rise at depths below 2m for much of the valley bottom, again implying lower porosity and water storage. which is characterised by a high resistivity layer in the upper 5-10m. This cover is broken between around 70-90m where the surface slope flattens and a patch of low resistivity material coincides with a small wetland area. Between 80 -170m the high resistivity moraine thickens into a distinct ridge before terminating at the edge of a flat area with very low surface resistivities where a raised bog of high water content (Fig. 4) is located in the valley bottom. After around 300m the slope increases again on the eastern side of the valley. Here, surface resistivities increase in the upper 5m
corresponding to the toe of a scree slope similar to T2. The bedrock rock surface is picked out by a high resistivity transition which is around 10m deep on the western slopes. There is a sharp drop in bedrock depth at about 80 m. Beyond this, the depth to bedrock increases to about 20m followed by a second step and increase in depth to ca 40m depth at 180m along the transect. The bedrock surface again appears to flatten before the gradient steepens from 230m. At 250m the bedrock appears >40m below the surface and is below the depth sensitivity of our ERT array. At 290m there is a near-vertical increase in the bedrock surface bringing it to within 30m of ground level. The subsurface drift below the hillslope and valley bottom has a higher resistivity than the over-lying saturated peat. This moderate resistivity infers water filled sediments with moderate porosity.
Catchment storage estimates
For each ERT transect the depth-integrated water storage at a point along the transect was estimated ( Figure 5 ). All four transect lines were similar in that the highest storage was generally in the central part of the valley where the drifts were thickest and decreased on the steeper slopes.
Depth equivalents of point water storage ranged between <1m at the southern ends of T1, T2 and T4, to over 10m in the central parts of T3 and T4 where the depth to bedrock was greatest, and coincided with deeper valley bottom peats. The uncertainties around the estimates are unavoidably large (in the order +30%), but the marked variations in storage distribution are very insightful. In 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 15 particular, the analysis highlights the marked differences between the large volumes of storage in the lower parts of the catchment and the lower storage on the steeper, upper hillslopes.
The extrapolation of the transect storage estimates using the cubist regression and kriging described in the methods section gives a tentative first approximation of catchment-scale storage in the soils and drifts (Figure 6 ). This approximation re-emphasises the distribution of valley bottom storage and how storage increases to the west of the catchment. It also shows the low (<1m) storage over much of the catchment on the steeper slopes and catchment interfluves. Averaged over the catchment, total storage is estimated at 2050-2300mm with an approximate uncertainty of around +700mm.
Discussion
The application of ERT in the Bruntland catchment has provided a further step towards characterising the nature and size of shallow groundwater stores at this glaciated, drift-filled site. As with other studies in similar settings, this has helped to characterise the heterogeneity in the drift (e.g. Koch et al., 2011) and the bedrock interface (e.g. Miller et al., 2008) . The study has also shown the extent and depth of lower resistivity zones of high water storage in valley bottom peats, where near-surface water tables in the riparian zone govern the flashy response of the stream in runoff events (Sheib et al., 2008; Cassidy et al., 2014) . In contrast, high resistivity surface layers pick out the location of sandy hummocky moraines which create elevated areas in the valley bottom (e.g. in T1
and T2), and more bouldery lateral moraines at the side of the valley in T3 and T4. Below these layers, the extent and depth of the drift fill in the valley was extensive. Whilst the lower valley slopes (up to around 400m) were covered with 1-7m thick drift, the drift was thickest with 20 to > 40m depths in the valley bottom. Differences in resistivity of the drift infer differences in the porosity and water content. However, given the high water tables, even on the steeper hillslopes, it appears that (Blumstock et al., 2005) . It is likely recharged by vertical drainage in the steeper slopes and through the moraines in the valley bottom . In addition, fluxes from the upper hillslopes above that are free of drift cover and where storage is limited are likely a major source of rapid recharge down slope in precipitation events. This latter mechanism probably contributed to the hillslopes low resistivity/high water content layers in the western part of T3 and T4 (Figs. 3 and 4) .
One of the main motivations for characterising the drift geology and estimating the water storage was to understand better the context of mixing and tracer damping that is evident in rainfall-runoff transformations in the catchment (Figure 2 ). Integrating the ERT surveys with the geostatistical analysis summarised in Figure 6 provided a novel means of doing this. Previous tracer-based estimates of storage in the Bruntland catchment derived from isotope input-output dynamics have given a range of values between ~1000 and 2400mm (e.g. Soulsby et al., 2015) . Clearly, these approaches have simplifying assumptions, but the similar orders of magnitude for these tracer and independent geophysics (ca 2050-2300 mm) based estimates indicate reasonable convergence. It should be noted that the surveys were undertaken in the summer of 2013 which coincided with the middle of a prolonged dry warm period. Detailed analysis of soil moisture and groundwater level data in the catchment revealed that dynamic storage changes were limited to deficits of -40mm in the peat soils and -100mm in the podzols . Thus, the ERT surveys and inversion would probably have revealed greater storage if undertaken in a wet period, though the summer deficits are <5% of the total storage estimates, so the effect is probably relatively minor. Of course, it should be emphasised that the estimates presented here are restricted to the soil and drift. The sharp definition of the high resistivity of the bedrock is consistent with the poor aquifer properties of the underlying granitic and metamorphic rocks. However, the granite in particular has fractures in the upper 5-10m which may act as groundwater flow paths (e.g. Comte et al., 2012) .
However, their main role appears as active recharge areas where outcrops occur above the glacial trim line. The infilling of drift appears to restrict their effectiveness as conduits of deeper groundwater movement, though, of course, there may be additional storage. The role of fractures may allow granite on north and south sides of the catchment to sustain seepages and springs where groundwater re-emerges in the saturated valley bottom (Blumstock et al., 2015) .
To better elucidate the storage characteristics of the drift and bedrock, drilling would be needed to calibrate the stratigraphy of the drifts more quantitatively. Installation of deep bore holes would allow testing the aquifer properties (Scheib et al., 2010) . However, this is very expensive, intrusive and gives only point specific information. In the meantime, the advantage of ERT surveys is that they are relatively rapid, non-intrusive and spatially extensive. Thus, increasing the number of transects, especially in the upper parts of the catchment, could be a more efficient means of constraining the storage estimates as it would help refine the geostatistical analysis used to derive Figure 6 . However, perhaps more important to improving the local detail, is to use the new geophysical methods to better upscale our understanding of such headwater catchments in terms of groundwater -surface water interactions in mesoscale basins (Binley et al., 2015) .
Such improved characterisation and identification of significant groundwater stores is a prerequisite to enhancing models of catchment groundwater-surface water interactions that can test assumptions about how mixing processes damp tracer inputs in precipitations. Although the images only a more physically-based coupled flow-tracer model will allow the fluxes associated with mixing and transport to be understood in a spatially explicit way (Ala-aho et al., 2015) .
Conclusion
We showed ERT surveys to be highly informative in identifying areas of groundwater storage in driftfilled montane catchments. This allowed an approximation of total catchment storage estimates of around 2300mm that are consistent with estimates derived from a variety of tracer-based methods.
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